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©  Optical  waveguide  device. 
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©  The  present  invention  comprising  a  waveguide 
substrate  (13)  and  an  optical  waveguide  (10)  dis- 
posed  on  the  substrate,  the  optical  waveguide  hav- 
ing  an  optical  waveguide  region  (A)  as  a  light  trans- 
mission  path,  an  insertion  region  (B)  inserted  an 
optical  functional  component  having  a  mode  field 
width  of  light  propagating  therein  larger  than  that  of 
light  propagating  of  the  optical  waveguide  region, 
and  an  optical  connection  region  (C)  provided  be- 
tween  the  optical  waveguide  region  and  the  insertion 
region  to  change  an  mode  field  width  of  light  propa- 
gating  therein. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  the  structure  of 
an  optical  waveguide  device  that  functions  while  a 
functional  component  for  performing  optical 
branching,  coupling,  switching,  and  the  like  is  in- 
serted  in  the  path  of  an  optical  waveguide  and, 
more  particularly,  to  a  structure  for  facilitating  man- 
ufacture  of  such  a  device  which  has  a  small  trans- 
mission  loss  in  an  insertion  region  of  the  functional 
component. 

Related  Background  Art 

An  optical  device  that  performs  optical  branch- 
ing,  coupling,  switching,  and  the  like  in  a  small 
region  on  an  millimeter-order  is  a  very  important 
constituent  element  for  downsizing  or  increasing 
the  degree  of  functions  of  an  optical  communica- 
tion  system,  an  optical  sensor,  or  the  like.  As  such 
an  optical  device,  a  so-called  parts  insertion  type 
optical  waveguide  device  which  functions  by  insert- 
ing  a  functional  component  for  performing  optical 
functions  such  as  optical  branching,  coupling, 
switching,  and  the  like  in  an  optical  waveguide  has 
been  attracting  attention  in  recent  years. 

In  this  optical  waveguide  device,  functions  such 
as  optical  branching,  coupling,  and  the  like  are 
conventionally  realized  by  fabricating  a  directional 
coupler  or  an  optical  waveguide  pattern  having  a 
structure  of,  e.g.,  a  Y-  or  X-shaped  waveguide,  on  a 
waveguide  substrate.  The  switching  function  is  re- 
alized  by  varying  the  propagation  constant  of  the 
directional  coupler. 

Other  than  the  method  described  above,  the 
functions  of  branching,  coupling,  switching  and  the 
like  of  the  optical  waveguide  device  can  be  realized 
by  incorporating  a  functional  component  that  per- 
forms  branching,  coupling,  switching,  and  the  like 
in  the  path  of  the  optical  waveguide  formed  on  the 
waveguide  substrate. 

Fig.  1  shows  the  arrangement  of  a  conventional 
parts-insertion  type  optical  waveguide  device  for 
realizing  the  optical  branching  function.  In  this  con- 
ventional  optical  waveguide  device,  a  half  mirror  2 
serving  as  a  functional  component  for  separating 
light  is  inserted  at  the  intersecting  portion  (an  inser- 
tion  region  where  the  functional  component  is  to  be 
inserted)  of  a  T-shaped  optical  waveguide  1.  The 
half  mirror  2  has  an  angle  of  45°  with  respect  to 
the  optical  path  of  the  light  to  be  incident  on  it.  In 
the  conventional  optical  waveguide  device,  the  core 
width  of  the  optical  waveguide  1  is  constant  (the 
refractive  index  difference  between  the  core  and 
the  cladding  layer  is  also  constant).  In  this  arrange- 
ment,  light  propagating  through  an  incident  side 

optical  waveguide  1a  (the  incident  side  of  the  half 
mirror  2)  is  separated  into  a  transmission-side  op- 
tical  waveguide  1b  (the  bit-side  optical  waveguide 
of  the  half  mirror  2)  and  a  reflection-side  optical 

5  waveguide  1c  (the  reflection-side  optical  waveguide 
of  the  half  mirror  2)  by  the  half  mirror  2. 

The  manufacturing  steps  of  this  conventional 
optical  waveguide  device  will  be  described.  Part  of 
the  intersecting  portion  (the  insertion  region  where 

io  the  functional  component  is  to  be  inserted)  of  the 
T-shaped  optical  waveguide  1  formed  in  advance 
on  the  optical  waveguide  substrate  (a  portion  in- 
dicated  by  a  rectangle  in  Fig.  1)  is  removed  with  a 
laser  beam  or  the  like  to  form  a  space  for  inserting 

75  the  half  mirror  2  therein.  Then,  the  half  mirror  2  as 
the  functional  component  is  inserted. 

The  conventional  optical  waveguide  device  is 
manufactured  by  performing  the  above  manufactur- 
ing  steps. 

20 
SUMMARY  OF  THE  INVENTION 

For  example,  the  manufacturing  steps  of  an 
optical  waveguide  device  for  optical  branching  are 

25  as  follows.  Part  of  the  intersecting  portion  of  the  T- 
shaped  optical  waveguide  1  formed  in  advance  on 
the  waveguide  substrate  where  a  functional  compo- 
nent,  such  as  a  half  mirror  or  a  beam  splitter,  is  to 
be  inserted  is  removed  by  a  laser  beam  process  or 

30  the  like.  Then,  the  functional  component  for  realiz- 
ing  a  desired  function  is  inserted  in  a  space  formed 
by  the  laser  beam  process  or  the  like.  Generally,  a 
material  forming  the  optical  waveguide  and  the 
space  have  different  refractive  indices.  Thus,  op- 

35  tical  diffraction  occurs  at  this  portion,  causing  an 
excessive  loss.  The  excessive  loss  is  a  transmis- 
sion  loss  caused  by  factors  other  than  attenuation 
of  the  propagating  light.  If  the  half  mirror  is  not 
inserted  at  a  correct  position,  the  traveling  path  of 

40  the  light  incident  on  this  half  mirror  is  distorted, 
leading  to  an  excessive  loss  again. 

Therefore,  in  order  to  correctly  insert  the  func- 
tional  component,  the  process  must  be  done  with  a 
micron-  or  submicron-order  precision.  With  an  op- 

45  tical  waveguide  device  according  to  the  present 
invention,  the  countermeasure  as  described  above 
for  decreasing  the  excessive  loss  caused  by  dif- 
fraction  and  improving  a  poor  parts-insertion  preci- 
sion  is  not  necessary.  Also,  this  device  can  be 

50  manufactured  easily  (without  requiring  a  high-preci- 
sion  process)  with  a  good  reproducibility  while  sup- 
pressing  the  transmission  loss  in  the  insertion  re- 
gion  as  compared  to  the  conventional  device. 

The  optical  waveguide  device  according  to  the 
55  present  invention  is  not  limited  to  an  optical 

waveguide  device  for  optical  branching  but  can 
also  be  applied  to  other  parts-insertion  type  optical 
waveguide  devices  in  which  a  functional  compo- 
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nent  for  performing  optical  coupling,  switching,  and 
the  like  is  inserted. 

An  optical  waveguide  device  according  to  the 
present  invention  comprises  a  waveguide  substrate 
and  an  optical  waveguide  formed  on  the  waveguide 
substrate  and  having  a  core  for  propagating  light 
and  a  cladding  layer  covering  the  core.  The  optical 
waveguide  is  constituted  by  one  or  at  least  two 
optical  waveguide  regions  serving  as  transmission 
paths  of  an  optical  signal,  an  insertion  region  hav- 
ing  at  least  one  input/output  terminal  of  an  optical 
signal  and  in  which  an  optical  functional  component 
for  realizing  a  desired  function  is  to  be  inserted, 
and  a  first  optical  connection  region  having  a  first 
input/output  terminal  directly  connected  to  one  ter- 
minal  of  the  optical  waveguide  region  and  a  second 
input/output  terminal  directly  connected  to  the  in- 
put/output  terminal  of  the  insertion  region.  The 
mode  field  width  of  light  propagating  in  the  inser- 
tion  region  is  larger  than  that  of  light  at  an  arbitrary 
portion  of  the  optical  waveguide  region. 

In  particular,  the  first  optical  connection  region 
has  a  structure  for  properly  connecting  to  the  op- 
tical  waveguide  region  and  the  insertion  region 
having  different  mode  field  width  of  light  propagat- 
ing  therein.  In  other  words,  the  first  optical  connec- 
tion  region  has  a  structure  for  changing  the  mode 
field  width  of  light  which  becomes  incident  from  the 
optical  waveguide  region  side  and  emerges  to  the 
insertion  region  side  or  the  mode  field  width  of  light 
which  becomes  incident  from  the  insertion  region 
side  and  emerges  to  the  optical  waveguide  region 
side.  Regarding  a  practical  structure,  the  core  size 
(e.g.,  the  core  width  in  the  horizontal  direction  with 
respect  to  the  main  surface  of  the  waveguide  sub- 
strate)  of  the  core  of  the  first  optical  connection 
region  is  gradually  increased  from  the  first  in- 
put/output  terminal  connected  to  the  optical 
waveguide  region  toward  the  second  input/output 
terminal  connected  to  the  insertion  region.  The  size 
of  the  core  of  the  first  connection  region  is  gradu- 
ally  decreased  from  the  first  input/output  terminal 
connected  to  the  optical  waveguide  region  toward 
the  second  input/output  terminal  connected  to  the 
insertion  region.  At  this  time,  the  core  size  is  set 
such  that  the  core  size  at  the  first  optical  connec- 
tion  region  in  the  vicinity  of  the  connection  surface 
with  the  insertion  region  becomes  smaller  than  a 
core  size  that  minimizes  the  mode  field  width  of 
propagating  light.  In  these  arrangements,  the  sec- 
tional  shape  of  the  core  in  the  horizontal  direction 
along  the  surface  of  the  waveguide  substrate  is 
narrowed  or  widened  at  a  predetermined  taper  an- 
gle  in  the  traveling  direction  of  light.  In  other  words, 
the  sectional  shape  of  the  core  may  be  similar  to  a 
trapezoid. 

The  optical  waveguide  of  the  optical  waveguide 
device  according  to  the  present  invention  may  also 

comprise  a  plurality  of  insertion  regions.  In  this 
case,  a  second  optical  connection  region  is  pro- 
vided  between  each  pair  of  insertion  regions  in 
order  to  provide  a  mode  field  width  substantially 

5  the  same  as  that  of  light  propagating  in  these 
insertion  regions.  The  second  optical  connection 
region  has  a  core  size  substantially  the  same  as 
that  of  each  pair  of  insertion  regions.  The  core  size 
does  not  change  between  the  incident  and  exit 

io  sides  of  light. 
As  described  above,  in  the  optical  waveguide 

formed  on  the  waveguide  substrate  by  arbitrarily 
combining  the  optical  waveguide  region,  the  first 
and  second  optical  connection  regions,  and  the 

is  insertion  region,  a  refractive  index  difference  be- 
tween  the  core  and  the  cladding  layer  of  a  region 
where  the  first  and/or  second  optical  connection 
region  directly  connected  to  the  insertion  region  is 
disposed  is  smaller  than  the  refractive  index  dif- 

20  ference  between  the  core  and  the  cladding  layer  at 
a  predetermined  portion  of  the  optical  waveguide 
region. 

Fig.  2  is  a  graph  showing  the  off-axis  depen- 
dency  of  an  optical  excessive  loss  when  the  optical 

25  axis  of  the  optical  waveguide  in  the  optical 
waveguide  device  according  to  the  present  inven- 
tion  is  deviated.  In  Fig.  2,  the  broken  line  indicates 
the  case  of  an  optical  waveguide  that  sets  the 
mode  field  width  of  propagating  light  to  8  urn,  and 

30  the  solid  line  indicates  the  case  of  an  optical 
waveguide  that  sets  the  mode  field  width  of  propa- 
gating  light  to  18  urn. 

A  spot  size  is  a  parameter  two-dimensionally 
expressing  the  distribution  of  propagating  light  at  a 

35  predetermined  portion  of  the  optical  waveguide  dis- 
posed  on  the  waveguide  substrate.  In  other  words, 
assuming  that  the  optical  waveguide  is  cut  per- 
pendicularly  to  the  traveling  direction  of  light,  a 
spot  size  means  the  size  of  the  distribution  of  light 

40  having  a  predetermined  light  intensity  or  more  at 
this  section  of  the  optical  waveguide.  More  specifi- 
cally,  this  distribution  can  be  two-dimensionally 
grasped  by  setting  the  axis  of  abscissa  as  the 
distance  from  the  optical  axis  of  the  core  and  the 

45  axis  of  ordinate  as  the  light  intensity. 
In  this  specification,  an  area  of  the  light  dis- 

tribution  whose  light  intensity  in  the  horizontal  di- 
rection  of  the  waveguide  substrate  is  1/e2  or  more 
its  peak  value  is  defined  as  the  mode  field.  The 

50  mode  field  width  is  uniformly  defined  as  the  maxi- 
mum  total  width  in  the  horizontal  direction  of  the 
mode  field  defined  in  the  above  manner  On  the 
other  hand,  the  spot  size,  a  general  parameter,  can 
be  utilized  instead  of  the  mode  field  width  so  as  to 

55  express  the  characteristics  of  the  present  invention. 
As  is  apparent  from  Fig.  2,  when  the  mode 

field  width  is  increased,  the  absolute  value  of  the 
optical  excessive  loss  caused  by  deviation  of  the 

3 
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optical  axis  is  decreased.  In  other  words,  the  off- 
axis  dependency  of  the  excessive  loss  is  de- 
creased.  Therefore,  as  in  the  optical  waveguide 
device  according  to  the  present  invention,  the  path 
of  the  optical  waveguide  for  propagating  light  has  a 
structure  for  increasing  the  mode  field  width  at  the 
insertion  region  where  an  optical  functional  compo- 
nent,  such  as  a  half  mirror  or  a  beam  splitter,  is 
inserted  than  a  mode  field  width  at  other  regions. 
Hence,  even  if  the  functional  component  is  inserted 
with  a  poor  precision,  the  excessive  loss  can  be 
suppressed  as  compared  to  a  conventional  case 
wherein  the  mode  field  width  is  not  increased. 

The  mode  field  width  changes  depending  on 
the  wavelength  of  propagating  light,  the  refractive 
index  difference  between  the  core  and  the  cladding 
layer  of  the  optical  waveguide,  the  core  width,  the 
core  thickness,  and  the  like.  Therefore,  the  mode 
field  width  at  the  insertion  region  where  the  func- 
tional  component  is  to  be  inserted  can  be  in- 
creased.  It  might  be  especially  effective  if  the  core 
width  at  the  input/output  terminal  of  the  insertion 
region  is  set  to  have  a  different  value  (larger  or 
smaller  than  the  width  of  the  core  at  other  portions) 
from  the  core  width  of  other  regions. 

For  this  reason,  according  to  the  present  inven- 
tion,  a  connection  region  having  a  structure  in 
which  the  core  size  (sore  width)  is  linearly  changed 
is  provided  between  the  first  and  second  in- 
put/output  terminals. 

Fig.  3  is  a  graph  showing  the  relationship  be- 
tween  the  core  width  of  the  optical  waveguide 
disposed  on  the  waveguide  substrate  and  the 
mode  field  width.  The  optical  waveguide  device  of 
the  example  shown  in  Fig.  3  is  manufactured  by 
setting  the  optical  waveguide  to  an  SiCfe-TiCk  type, 
the  refractive  index  difference  between  the  core, 
serving  as  the  prospective  optical  waveguide,  and 
the  cladding  layer  to  0.3%,  and  the  core  thickness 
to  7  urn. 

As  is  apparent  also  from  Fig.  3,  when,  of  the 
optical  waveguide,  the  core  width  of  the  optical 
waveguide  region  is,  e.g.,  7  urn,  the  mode  field 
width  of  this  portion  (insertion  region)  is  increased 
by  increasing  the  core  width  at  the  insertion  region 
to  be  larger  than  7  urn  (a  range  indicated  by  P  in 
Fig  3).  On  the  other  hand,  as  shown  in  Fig.  3,  when 
the  core  width  is  decreased  to  be  smaller  than  a 
predetermined  value,  the  mode  field  width  is  in- 
creased  as  well.  This  is  because  when  the  core 
width  is  decreased,  the  optical  power  confinement 
capability  of  the  core  exceeds  its  limit.  Therefore, 
in  the  example  of  Fig.  3,  when  the  core  width  of  the 
optical  waveguide  region  is  4  urn,  the  mode  field 
width  can  be  increased  by  decreasing  the  core 
width  of  the  insertion  region  to  about  2  urn  (the 
range  indicated  by  Q  in  Fig.  3)  (note  that  all  the 
core  widths  explained  above  are  values  at  the  core 

thickness  of  7  urn). 
In  order  to  increase  the  mode  field  width,  a 

means  for  decreasing  the  refractive  index  differ- 
ence  between  the  core  and  the  cladding  layer  of 

5  the  optical  waveguide  may  also  be  employed.  Fig. 
4  is  a  graph  showing  the  relationship  between  the 
refractive  index  difference  between  the  core  and 
the  cladding  layer  and  the  mode  field  width.  In  an 
optical  waveguide  device  shown  in  the  example  of 

io  Fig.  4,  the  optical  waveguide  is  set  to  an  Si02-Ti02 
type,  and  both  the  width  and  thickness  of  the  core 
serving  as  the  prospective  optical  waveguide  are 
set  to  7  urn. 

As  is  apparent  from  Fig.  4,  the  mode  field 
is  width  can  be  increased  by  decreasing  the  refrac- 

tive  index  difference  between  the  core  and  the 
cladding  layer. 

The  present  invention  will  become  more  fully 
understood  from  the  detailed  description  given 

20  hereinbelow  and  the  accompanying  drawings  which 
are  given  by  way  of  illustration  only,  and  thus  are 
not  to  be  considered  as  limiting  the  present  inven- 
tion. 

Further  scope  of  applicability  of  the  present 
25  invention  will  become  apparent  from  the  detailed 

description  given  hereinafter.  However,  it  should  be 
understood  that  the  detailed  description  and  spe- 
cific  examples,  while  indicating  preferred  embodi- 
ments  of  the  invention,  are  given  by  way  of  illustra- 

30  tion  only,  since  various  changes  and  modifications 
within  the  spirit  and  scope  of  the  invention  will 
become  apparent  to  those  skilled  in  the  art  from 
this  detailed  description. 

35  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  view  showing  the  structure  of  a 
conventional  optical  waveguide  device; 
Fig.  2  is  a  graph  showing  the  relationship  be- 

40  tween  the  deviation  of  the  optical  axis,  when  an 
optical  functional  component  is  inserted  in  an 
insertion  region,  and  an  optical  excessive  loss  in 
each  of  two  types  of  optical  waveguides  having 
different  mode  field  widths; 

45  Fig.  3  is  a  graph  showing  the  relationship  be- 
tween  the  core  width  and  the  mode  field  width 
of  an  optical  waveguide  having  a  constant  core 
thickness; 
Fig.  4  is  a  graph  showing  the  relationship  be- 

50  tween  the  refractive  index  difference  between 
the  core  and  a  cladding  layer  covering  the  core, 
and  the  mode  field  width  of  light  propagating  in 
the  optical  waveguide; 
Fig.  5  is  a  view  showing  the  arrangement  of  an 

55  optical  waveguide  device  according  to  an  em- 
bodiment  of  the  present  invention  which  realizes 
an  optical  branching  function; 

4 
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Fig.  6  is  a  view  for  explaining  the  respective 
regions  of  the  optical  waveguide  device  shown 
in  Fig.  5  that  constitute  the  optical  waveguide; 
Fig.  7  is  a  view  for  explaining  the  respective 
regions  of  an  optical  waveguide  device  equiv-  5 
alent  to  that  shown  in  Fig.  5  constitutes  the 
optical  waveguide; 
Fig.  8  is  a  sectional  view  of  an  optical 
waveguide  region  A  taken  along  the  line  X  -  X  of 
the  optical  waveguide  device  shown  in  Fig.  5  10 
and  of  an  optical  waveguide  device  shown  in 
Fig.  15; 
Fig.  9  is  a  sectional  view  of  the  optical 
waveguide  region  A  taken  along  the  lines  Y  -  Y 
and  Z  -  Z  of  the  optical  waveguide  devices  is 
shown  in  Figs.  5  and  15; 
Fig.  10  is  a  graph  showing  the  loss  frequency 
distribution  of  the  optical  waveguide  device  (20 
samples)  shown  in  Fig.  5; 
Fig.  11  is  a  graph  showing  the  loss  frequency  20 
distribution  of  the  conventional  optical 
waveguide  device  (20  samples)  shown  in  Fig.  1; 
Fig.  12  is  a  graph  showing  the  relationship  be- 
tween  the  length  (taper  length)  of  a  connection 
region  C,  seen  along  the  traveling  direction  of  25 
light  propagating  through  the  optical  waveguide, 
and  an  excessive  loss  in  the  optical  waveguide 
device  according  to  the  present  invention; 
Fig.  13  is  a  view  showing  the  structure  of  an 
optical  waveguide  type  switch  as  a  comparative  30 
example  of  the  optical  waveguide  device  shown 
in  Fig.  15; 
Fig.  14  is  a  view  for  explaining  the  respective 
regions  constituting  an  optical  waveguide  in  an 
application  of  the  optical  waveguide  device  ac-  35 
cording  to  the  present  invention; 
Fig.  15  is  a  view  showing  the  arrangement  of  an 
optical  waveguide  type  switch  as  an  application 
of  the  optical  waveguide  device  according  to  the 
present  invention;  40 
Fig.  16  is  a  view  showing  the  structure  of  an 
optical  waveguide  type  switch  as  a  conventional 
optical  waveguide  device  to  be  compared  with 
the  optical  waveguide  device  shown  in  Fig.  15; 
Fig.  17  is  a  graph  showing  the  loss  frequency  45 
distribution  of  the  optical  waveguide  device  (20 
samples)  shown  in  Fig.  13; 
Fig.  18  is  a  graph  showing  the  loss  frequency 
distribution  of  the  optical  waveguide  device  (20 
samples)  shown  in  Fig.  15;  and  so 
Fig.  19  is  a  graph  showing  the  loss  frequency 
distribution  of  the  conventional  optical 
waveguide  device  (20  samples)  shown  in  Fig. 
16. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

An  optical  waveguide  device  according  to  the 
present  invention  will  be  described  with  reference 
to  Figs.  5  to  19.  Note  that  same  portions  in  the 
drawings  are  denoted  by  the  same  reference  nu- 
merals,  and  a  detailed  description  thereof  will  be 
omitted. 

Fig.  5  shows  the  arrangement  of  a  parts-inser- 
tion  type  optical  waveguide  device  having  an  op- 
tical  branching  function  as  a  typical  embodiment  of 
the  optical  waveguide  device  according  to  the 
present  invention.  This  optical  waveguide  device  is 
constituted  by  a  waveguide  substrate  and  a  T- 
shaped  buried  type  Si02-Ti02  optical  waveguide 
10  formed  on  the  waveguide  substrate.  A  half  mir- 
ror  2  serving  as  an  optical  functional  component  is 
inserted  at  the  intersecting  portion  (insertion  region 
possibly  adapted  to  be  inserted  a  functional  com- 
ponent)  of  the  optical  waveguide  10.  A  dielectric 
thin  film  may  be  used  as  the  optical  functional 
component. 

As  shown  in  Fig.  6,  the  optical  waveguide  10  is 
constituted  by  at  least  three  types  of  regions  A,  B, 
and  C. 

The  region  A  is  an  optical  waveguide  region 
having  at  least  two  input/output  terminals,  the  re- 
gion  A  adapted  to  be  a  light  transmission  path. 

The  region  B  is  a  region  having  at  least  one 
input/output  terminal  of  propagating  light.  This  re- 
gion  is  an  insertion  region  possibly  adapted  to  be 
inserted  an  optical  functional  component  for  realiz- 
ing  a  predetermined  function.  The  mode  field  width 
of  light  propagating  in  the  region  B  is  larger  than 
that  of  light  at  a  predetermined  portion  of  the 
optical  waveguide  region. 

The  region  C  is  a  region  having  a  first  in- 
put/output  terminal  directly  connected  to  one  in- 
put/output  terminal  of  the  optical  waveguide  region 
and  a  second  input/output  terminal  directly  con- 
nected  to  the  input/output  terminal  of  the  insertion 
region.  This  region  C  is  a  first  optical  connection 
region  for  varying  the  mode  field  width  of  Light 
propagating  in  it. 

Each  of  the  optical  waveguide  devices  shown 
in  Figs.  5,  6,  and  7  has  a  structure  for  changing  the 
mode  field  width  of  propagating  light  by  continu- 
ously  changing  the  core  width  of  the  first  connec- 
tion  region  C. 

In  particular,  the  optical  waveguide  10  formed 
on  the  waveguide  substrate  can  be  fabricated  in 
accordance  with  sputtering,  CVD,  flame  deposition, 
or  the  like.  When  a  quartz-based  optical  waveguide 
is  to  be  formed,  flame  deposition  is  effective  since 
it  decreases  losses.  The  manufacturing  process  of 
the  Si02-Ti02  optical  waveguide  10  in  accordance 
with  flame  deposition  is  disclosed  in  "Small-Loss 

5 



9 EP  0  634  677  A1 10 

Quartz-Based  Optical  Waveguide"  in  Optoronics 
(1992)  No.  6,  which  will  be  summarized  as  follows. 

More  specifically,  fine  glass  particles  obtained 
by  burning  a  gas  mixture  material  of  S\Ck  and 
TiCk  in  oxyhydrogen  flame  are  deposited  on  an  Si 
substrate  (waveguide  substrate)  11.  The  composi- 
tion  of  the  fine  glass  particles  is  controlled  in  this 
flame  deposition  process,  thereby  forming  a  two- 
layered  fine  particle  film  consisting  of  an  Si02 
lower  cladding  layer  (a  layer  serving  as  the  pro- 
spective  cladding  layer  of  the  optical  waveguide 
10)  and  an  Si02-Ti02  core  layer  (serving  as  the 
core  of  the  optical  waveguide  10). 

Subsequently,  this  two-layered  fine  particle  film 
(the  Si02  lower  cladding  layer  and  the  Si02-Ti02 
core  layer)  is  heated  to  a  high  temperature  of 
1,000°C  or  more  in  an  electric  furnace  to  form  a 
transparent  planar  optical  waveguide  film.  Then,  an 
unnecessary  glass  film  portion  is  removed  by  reac- 
tive  ion  etching,  thereby  forming  a  ridge-shaped 
core. 

Finally,  the  core  is  covered  with  an  Si02  upper 
cladding  layer  in  accordance  with  the  flame  deposi- 
tion  process  again  and  changed  into  a  transparent 
glass  layer  to  form  a  cladding  layer  that  constitutes 
the  optical  waveguide  10,  thereby  manufacturing 
the  optical  waveguide  device. 

In  the  embodiment  shown  in  Fig.  5,  of  incident- 
incident  side  of  the  functional  component),  trans- 
mission-,  and  reflection-side  (which  are  both  on  the 
reflection  side  of  the  functional  component)  optical 
waveguides  10a,  10b,  and  10c,  the  width  of  the 
core  of  each  connection  region  C  is  increased  in 
the  tapered  manner  toward  the  T-shaped  insertion 
region  (insertion  region  having  three  input/output 
terminals)  of  the  functional  component. 

On  the  other  hand,  in  the  embodiment  shown 
in  Fig.  7,  of  incident-  (incident  side  of  the  functional 
component),  transmission-,  and  reflection-side 
(which  are  both  on  the  reflection  side  of  the  func- 
tional  component)  optical  waveguides  10a,  10b, 
and  10c,  the  width  of  the  core  of  each  connection 
region  C  is  decreased  in  the  tapered  manner  to- 
ward  the  T-shaped  insertion  region  (insertion  region 
having  three  input/output  terminals)  of  the  func- 
tional  component.  A  core  width  Wi  at  a  portion  of 
the  optical  waveguide  before  widened  in  the  ta- 
pered  manner,  e.g.,  of  the  optical  waveguide  region 
A  is,  e.g.,  7  urn.  More  specifically,  this  corresponds 
to  the  core  width  of  the  portion  12b  indicated  by 
the  line  X  -  X  in  Fig.  5.  Fig.  8  shows  the  sectional 
view  of  the  portion  of  this  optical  waveguide.  A 
core  width  W2  at  the  insertion  region  B  is,  e.g.,  20 
linn.  More  specifically,  this  corresponds  to  the  core 
width  of  the  portion  12a  indicated  by  the  line  Y  -  Y 
in  Fig.  5.  Fig.  9  shows  the  sectional  view  of  the 
insertion  region  B.  The  length  of  the  first  optical 
connection  region  C  where  the  core  width  is  gradu- 

ally  changed  with  a  predetermined  taper,  angle 
with  respect  to  the  optical  axis,  i.e.,  a  taper  length 
L  is  2  mm.  A  thickness  T  of  the  core  12a  or  12b  is 
constantly  7  urn,  and  the  refractive  index  difference 

5  between  the  core  12a  or  12b  and  the  cladding 
Layer  13  is  0.3%. 

The  half  mirror  2  is  inserted  in  the  insertion 
region  B  which  is  formed  to  have  a  T  shape  in  the 
optical  waveguide  10.  The  half  mirror  2  is  mounted 

io  at  an  angle  of  45  °  with  respect  to  the  optical  axis 
of  the  incident  light  propagating  through  the  in- 
cident-side  optical  waveguide  10a.  The  half  mirror 
2  can  be  mounted  in  accordance  with  various  man- 
ners.  Generally,  a  groove  for  inserting  the  half 

is  mirror  is  formed  at  a  corresponding  portion  of  the 
insertion  region  B  of  the  optical  waveguide  10  by 
an  appropriate  means,  e.g.,  a  laser  beam  process, 
chemical  etching,  mechanical  cutting,  or  the  like. 
Thereafter,  the  half  mirror  2  is  inserted  in  the 

20  formed  groove. 
In  particular,  the  half  mirror  2  of  this  embodi- 

ment  has  a  thickness  of  15  urn  and  vertical  and 
horizontal  sides  of  1  mm.  This  half  mirror  2  is 
designed  to  transmit  50%  and  to  reflect  50%  of 

25  light  having  a  wavelength  of  1.31  urn. 
In  the  above  arrangement,  the  core  width  of  the 

core  12b  in  the  optical  waveguide  region  A  is  7  urn 
and  its  mode  field  width  is  about  8  urn.  The  width 
of  the  core  12a  at  the  input/output  terminal  of  the 

30  insertion  region  B  in  the  vicinity  of  the  half  mirror  2 
is  20  urn.  Accordingly,  when  light  having  a 
wavelength  of  1.31  urn  becomes  incident  on  the 
incident-side  optical  waveguide  10a,  the  mode  field 
of  this  light  is  enlarged  in  the  horizontal  direction 

35  as  this  light  comes  close  to  the  half  mirror  2  in  the 
first  optical  connection  region  C.  When  light  is 
incident  on  the  insertion  region  B,  50%  of  the 
incident  light  is  guided  to  the  transmission-side 
optical  waveguide  10b  and  the  remaining  50%  of 

40  the  incident  light  is  guided  to  the  reflection-side 
optical  waveguide  10c  by  the  half  mirror  2. 

At  this  time,  a  case  will  be  studied  wherein  the 
insertion  position  of  the  half  mirror  2  in  the  inser- 
tion  region  B  has  a  poor  precision  and  thus  the 

45  optical  axes  of  the  transmission  and  reflected  light 
are  deviated.  In  this  case,  since  the  mode  field 
width  is  increased,  light  is  propagated  to  the  re- 
spective  optical  waveguides  10b  and  10c  with  a 
small  loss  in  the  manner  described  above  with 

50  reference  to  Fig.  2.  Figs.  10  and  11  are  employed 
to  confirm  this  loss  decreasing  effect. 

More  specifically,  Fig.  10  is  a  graph  of  the  loss 
frequency  distribution  which  evaluates  an  exces- 
sive  loss  in  the  reflection-side  optical  waveguide 

55  10c  obtained  with  20  optical  waveguide  devices 
each  having  the  above  arrangement.  Fig.  11  is  a 
graph  of  the  loss  frequency  distribution  of  the  con- 
ventional  optical  waveguide  device  having  a  con- 

6 
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stant  core  width  of  7  urn  while  other  conditions 
being  set  to  be  the  same  as  those  of  the  above 
arrangement. 

The  excessive  loss  is  supposed  to  be  caused 
mainly  by  the  misalignment  of  the  optical  axis  of 
the  reflected  light  and  the  center  of  the  core  12a  of 
the  reflection-side  optical  waveguide  10c  due  to  the 
poor  precision  of  the  insertion  position  of  the  half 
mirror  2  in  the  manufacturing  process.  As  is  appar- 
ent  from  comparison  of  Figs.  10  and  11,  in  the 
optical  waveguide  device  according  to  the  present 
invention,  the  excessive  loss  is  smaller  than  that  of 
the  conventional  optical  waveguide  device,  and  re- 
peatability  of  the  optical  excessive  loss  is  improved 
as  well.  That  is,  the  optical  waveguide  device  ac- 
cording  to  the  present  invention  is  less  influenced 
by  the  poor  insertion  precision. 

In  the  above  embodiment,  the  mode  field  width 
is  increased  by  increasing  the  width  of  the  core 
12a  at  a  portion  corresponding  to  one  input/output 
terminal  of  the  insertion  region  B,  where  the  half 
mirror  2  is  to  be  inserted,  to  be  larger  than  the 
width  of  the  core  12b  of  the  optical  waveguide 
region  A.  As  described  above,  however,  the  mode 
field  width  can  be  increased  also  by  decreasing  the 
core  width.  When  the  core  width  is  7  urn  in  the 
same  manner  as  in  the  above  embodiment,  the 
mode  field  width  can  be  increased  by  decreasing 
the  width  of  the  core  12a  at  one  input/output  termi- 
nal  of  the  insertion  region  B,  where  the  half  mirror 
2  is  to  be  inserted,  to  2  urn  or  less.  In  this  case  as 
well,  the  excessive  loss  can  be  decreased  in  the 
same  manner  as  in  the  case  wherein  the  core 
width  is  increased  (the  range  Q  shown  in  Fig.  3). 

Even  when  the  core  width  is  constant,  the 
mode  field  width  can  be  increased  by  decreasing 
the  refractive  index  difference  between  the  core 
12a  and  the  cladding  layer  13  at  one  input/output 
terminal  of  the  insertion  region  B  to  be  smaller  than 
the  refractive  index  difference  between  the  core 
12b  and  the  cladding  layer  13  of  the  optical 
waveguide  region  A  (Fig.  4).  To  locally  decrease 
the  difference  in  specific  refractive  index,  the  re- 
fractive  index  of  the  core  12a  at  the  insertion  region 
B  may  be  locally  decreased.  More  specifically,  in 
the  case  of  the  above  embodiment,  the  refractive 
index  can  be  decreased  by  diffusing  Ti02  in  the 
Si02-Ti02  core  12a  into  the  surrounding  cladding 
layer  13. 

In  the  above  embodiment,  the  SiCfe-TiCk  op- 
tical  waveguide  is  shown  as  the  optical  waveguide 
10.  Other  than  this,  an  Si02-Ge02  optical 
waveguide  can  also  be  used  as  a  small-loss  optical 
waveguide.  When  the  Si02-Ge02  optical 
waveguide  is  used,  in  order  to  decrease  the  refrac- 
tive  index  of  the  core,  Ge02  is  diffused  from  a 
desired  portion  in  the  optical  waveguide. 

The  optical  waveguide  device  in  which  the  half 
mirror  2  is  inserted  in  the  T-shaped  insertion  region 
B  of  the  optical  waveguide  10  in  order  to  provide 
the  optical  branching  function  has  been  described 

5  The  present  invention  is  not  limited  to  this  specific 
embodiment  but  can  also  be  applied  to  other  op- 
tical  waveguide  devices  that  perform  optical  switch- 
ing,  coupling,  and  the  like. 

The  relationship  between  the  taper  length  L 
io  (the  length  of  the  connection  region  B  seen  along 

the  traveling  direction  of  light)  and  the  excessive 
loss  of  a  case  wherein  the  core  width  of  the  optical 
waveguide  is  changed  in  a  tapered  manner  (the 
core  width  is  gradually  increased  or  decreased)  as 

is  7  urn  -►  20  urn  -►  7  urn  is  obtained  by  calculation. 
Fig.  12  shows  data  concerning  an  optical 
waveguide  in  which  an  optical  waveguide  region  A, 
a  first  optical  connection  region  C,  an  insertion 
region  B,  a  first  optical  connection  region  C,  and  an 

20  optical  waveguide  region  A  are  connected  in  series 
in  the  above  manner. 

As  is  apparent  from  Fig.  12,  when  the  taper 
length  is  600  urn  or  more,  sufficient  loss  reduction 
can  be  achieved. 

25  However,  from  the  above  effect,  when  the  first 
optical  connection  regions  C  (800  urn  in  the  above 
embodiment)  having  a  length  (taper  length)  of  600 
linn  or  more  are  directly  connected  to  the  four 
input/output  terminals  (the  incident  and  exit  sides 

30  of  the  functional  component)  of  the  insertion  region 
B,  and  four  insertion  regions  B  each  having  such 
an  arrangement  are  formed  in  a  matrix  manner  as 
an  optical  waveguide,  an  optical  waveguide  type 
switch  in  which  mirrors  are  inserted  in  the  respec- 

35  tive  insertion  regions  B  at  an  angle  of  45°  with 
respect  to  the  optical  axis  of  the  incident  light  is 
constituted.  In  the  optical  waveguide  device  having 
this  arrangement,  as  shown  in  Fig.  13,  two  first 
optical  connection  regions  C  and  one  optical 

40  waveguide  region  A  are  present  between  each  pair 
of  the  insertion  regions  B,  so  that  the  size  of  the 
optical  waveguide  device  is  increased  accordingly. 
An  optical  waveguide  type  switch  capable  of  lin- 
early  transmitting  light  or  changing  the  traveling 

45  path  of  light  can  be  manufactured  by  mounting  the 
half  mirrors  2,  although  not  shown  in  Fig.  13,  in  the 
respective  insertion  regions  B  to  be  inclined  at  an 
angle  of  45°  with  respect  to  the  optical  axes  of 
light  propagating  through  the  corresponding  optical 

50  waveguides  10,  or  by  removing  the  mirrors  2. 
The  present  invention  can  also  be  applied  to 

an  optical  waveguide  device  in  which  a  filter  is 
inserted  in  the  optical  waveguide  for  the  purpose  of 
selecting  the  wavelength  of  light.  When  a  filter  is 

55  inserted,  an  off-axis  excessive  loss  is  rarely  caus- 
ed.  However,  since  an  excessive  loss  caused  by 
the  refractive  index  difference  between  the  groove, 
formed  for  inserting  the  filter,  and  the  optical 
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waveguide  can  be  decreased  by  increasing  the 
mode  field  width,  the  present  invention  can  be 
applied  to  this  optical  waveguide  device. 

As  an  application  of  the  optical  waveguide  de- 
vice  according  to  the  present  invention,  an  optical 
waveguide  device  for  performing  above-described 
optical  switching,  coupling,  and  the  like  which  is 
constituted  by  a  plurality  of  insertion  regions  B  will 
be  described  (Figs.  14  and  15). 

As  described  above,  the  optical  waveguide  ac- 
cording  to  the  present  invention  is  formed  by 
changing  the  core  width  in  each  region  such  that 
the  mode  field  width  of  light  propagating  in  each 
insertion  region  B  becomes  larger  than  that  of  light 
propagating  in  the  corresponding  optical  waveguide 
region  A.  Accordingly,  for  the  purpose  of  prevent- 
ing  an  increase  in  excessive  loss  with  an  abrupt 
change  in  core  width,  the  first  optical  connection 
regions  C  whose  core  width  is  gradually  changed 
from  the  first  to  second  input/output  terminal  are 
provided  between  insertion  regions  B  and  optical 
waveguide  regions  A. 

Fig.  14  shows  an  application  of  the  optical 
waveguide  device  according  to  the  present  inven- 
tion.  Note  that  the  insertion  regions  B  and  the  first 
optical  connection  regions  C  may  have  a  structure 
shown  in  Fig.  7. 

Referring  to  Fig.  14,  each  optical  waveguide  10 
has  an  optical  waveguide  region  A  having  at  least 
two  input/output  terminals,  the  region  A  adapted  to 
be  a  light  transmission  path  to  provide  a  predeter- 
mined  mode  field  width  to  light.  Each  optical 
waveguide  10  also  has  an  insertion  region  B  which 
is  a  region  having  at  least  one  input/output  terminal 
of  light,  the  region  B  possibly  adapted  to  be  in- 
serted  an  optical  functional  component  for  realizing 
a  predetermined  function.  The  mode  field  width  of 
light  propagating  in  the  insertion  region  B  is  larger 
than  that  of  light  propagating  at  a  predetermined 
portion  of  the  optical  waveguide  region  A.  Each 
optical  waveguide  10  also  has  a  first  optical  con- 
nection  region  C  having  a  first  input/output  terminal 
directly  connected  to  one  input/output  terminal  of 
the  optical  waveguide  region  A  and  a  second  in- 
put/output  terminal  directly  connected  to  the  in- 
put/output  terminal  of  the  insertion  region  B  for 
changing  the  mode  field  width  of  light  propagating 
in  this  region. 

Furthermore,  this  optical  waveguide  10  has  a 
second  optical  connection  region  D  having  a  first 
input/output  terminal  directly  connected  to  the  in- 
put/output  terminal  of  one  insertion  region  B  and  a 
second  input/output  terminal  directly  connected  to 
the  input/output  terminal  of  the  other  insertion  re- 
gion  B.  The  core  sizes  of  the  first  and  second 
input/output  terminals  of  the  second  optical  con- 
nection  region  D  are  equal  to  the  core  sizes  of  the 
input/output  terminals  of  the  corresponding  inser- 

tion  regions  B  to  which  the  second  optical  connec- 
tion  region  D  is  connected.  Therefore,  the  mode 
field  width  of  light  propagating  in  the  insertion 
regions  B  is  also  equal  to  that  of  light  propagating 

5  in  the  second  optical  connection  region  D. 
More  specifically,  as  shown  in  Fig.  15,  the  core 

width  of  the  first  optical  connection  regions  C  is 
increased  before  propagating  light  passes  through 
the  plurality  of  insertion  regions  B.  That  is,  while 

io  the  mode  field  width  of  light  once  increased  is 
maintained  by  the  second  optical  connection  re- 
gions  D,  the  propagating  light  is  passed  through 
the  plurality  of  insertion  regions  B.  Then,  the  mode 
field  width  is  returned  to  the  original  size  by  the 

is  first  optical  connection  regions  C.  With  this  ar- 
rangement,  downsizing  of  the  optical  waveguide 
device  and  an  increase  in  integration  degree  of  the 
optical  functional  components  are  achieved. 

In  order  to  confirm  the  effect  of  the  above 
20  optical  waveguide  device  (Fig.  15)  according  to  the 

present  invention,  the  present  inventors  made  an 
optical  waveguide  device  on  an  experimental  basis 
invention  as  follows. 

(1)  An  optical  waveguide  type  switch  as  a  first 
25  comparative  example,  as  shown  in  Fig.  13, 

which  is  fabricated  by  forming  four  insertion 
regions  B  in  a  matrix  manner  and  disposing  an 
optical  waveguide  region  A  and  a  first  optical 
connection  regions  C  between  each  pair  of  in- 

30  sertion  regions  B.  In  this  optical  waveguide  de- 
vice  (first  comparative  example),  the  refractive 
index  difference  between  the  core  and  the  clad- 
ding  layer  is  0.3%,  and  the  core  width  is  7  urn. 
The  core  width  of  the  optical  waveguide  region 

35  A  is  7  urn.  The  core  width  of  the  insertion 
regions  B  is  20  urn.  The  length  of  the  first 
optical  connection  regions  C  for  changing  the 
core  width  from  7  urn  to  20  urn  or  vice  versa, 
i.e.,  the  taper  length  L,  is  800  urn,  and  the 

40  distance  between  the  core  centers  of  each  pair 
of  insertion  regions  B  is  1,850  urn. 
(2)  An  optical  waveguide  type  switch  which  is 
made  as  an  application  of  the  optical  waveguide 
device  according  to  the  present  invention,  as 

45  shown  in  Fig.  15.  In  this  optical  waveguide  de- 
vice,  the  refractive  index  difference  between  the 
core  and  the  cladding  layer  is  0.3%,  and  the 
core  width  is  7  urn.  The  four  insertion  regions  B 
are  formed  in  a  matrix  manner.  The  core  width 

50  of  each  second  optical  connection  region  D  dis- 
posed  between  each  pair  of  insertion  regions  B 
is  20  urn,  which  is  the  same  as  that  of  each 
insertion  region  B.  The  length  of  the  first  optical 
connection  regions  C  for  changing  the  core 

55  width  from  7  urn  to  20  urn  or  vice  versa,  i.e., 
the  taper  length  L,  is  800  urn,  and  the  distance 
between  the  core  centers  of  each  pair  of  inser- 
tion  regions  B  is  250  urn.  Note  that  the  sizes  of 
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the  respective  portions  in  Figs.  13  and  15  and 
corresponding  indicated  values  are  not  neces- 
sarily  disclosed  in  the  same  proportion. 
(3)  An  optical  waveguide  switch  as  a  second 
comparative  example  which  is  formed  as  a  con- 
ventional  optical  waveguide  device,  as  shown  in 
Fig.  16.  In  this  conventional  optical  waveguide 
device  (second  comparative  example),  the  re- 
fractive  index  difference  between  the  core  and 
the  cladding  layer  of  the  optical  waveguide  is 
0.3%,  and  the  core  width  is  constantly  7  urn. 
The  distance  between  the  core  centers  of  the 
intersecting  portions  of  an  optical  waveguide  1 
is  250  urn. 
Twenty  optical  waveguide  device  samples  that 

serve  as  optical  switches  for  light  having  a 
wavelength  of  1  .31  urn  were  fabricated  for  each  of 
three  types  of  optical  waveguide  devices,  and  the 
excessive  loss  on  the  reflection  side  was  evaluated. 
Figs.  17  to  19  show  the  results. 

Fig  17  is  a  graph  showing  the  excessive  loss 
frequency  distribution  of  the  first  comparative  ex- 
ample.  Fig.  18  is  a  graph  showing  the  excessive 
loss  frequency  distribution  of  the  optical  waveguide 
device  according  to  the  present  invention.  Fig.  19 
is  a  graph  showing  the  excessive  loss  frequency 
distribution  of  the  second  comparative  example 
(conventional  optical  waveguide  device  shown  in 
Fig.  16). 

The  excessive  loss  is  supposed  to  be  caused 
mainly  by  the  misalignment  of  the  optical  axis  of 
the  reflected  light  and  the  center  of  the  core  of  the 
reflection-side  optical  waveguide  due  to  the  poor 
precision  of  the  insertion  position  of  the  half  mirror. 
As  is  apparent  from  Figs.  17  to  19,  when  the 
optical  waveguide  device  of  the  first  comparative 
example  and  that  according  to  the  present  inven- 
tion  (Fig.  15)  were  compared  with  that  of  the  sec- 
ond  comparative  example  (conventional  optical 
waveguide  device),  it  was  confirmed  that  the  op- 
tical  waveguide  10  having  a  tapering  core  at  the 
insertion  region  B  where  the  mirror  2  (optical  func- 
tional  component)  is  to  be  inserted  had  a  smaller 
excessive  loss  than  that  of  the  optical  waveguide  1 
(second  comparative  example)  having  a  constant 
core  width,  and  that  repeatability  of  the  excessive 
loss  was  improved  as  well. 

When  the  first  comparative  example  was  com- 
pared  with  the  optical  waveguide  device  according 
to  the  present  invention,  it  was  confirmed  that  the 
latter  had  a  similar  small  loss  although  its  size  was 
greatly  smaller  than  the  former.  In  other  words,  the 
optical  waveguide  device  shown  in  Fig.  14  can 
provide  the  same  effect  as  that  of  the  first  com- 
parative  example  while  it  is  capable  of  downsizing. 

Other  examples  (applicable  embodiments)  of 
the  optical  waveguide  device  shown  in  Fig.  5  de- 
scribed  above  can  be  applied  to  the  optical 

waveguide  device  shown  in  Fig.  15. 
As  has  been  described  above,  according  to  the 

present  invention,  in  order  to  increase  the  mode 
field  width  of  the  insertion  region,  where  a  func- 

5  tional  component,  e.g.,  a  mirror,  is  to  be  inserted, 
of  an  optical  waveguide  to  be  larger  than  the  mode 
field  width  of  the  optical  waveguide  region,  a  con- 
nection  region  is  provided  in  tight  contact  between 
the  insertion  region  and  the  optical  waveguide  re- 

io  gion,  thereby  realizing  a  desired  function.  There- 
fore,  a  transmission  loss  caused  by  insertion  of  the 
functional  component  can  be  decreased  as  com- 
pared  to  that  of  the  conventional  optical  waveguide 
device. 

is  Furthermore,  according  to  the  application  of  the 
present  invention,  the  same  effect  as  described 
above  can  be  obtained,  and  the  optical  waveguide 
device  can  be  further  downsized  than  that  of  the 
present  invention  described  above.  These  optical 

20  waveguide  devices  can  be  used  as  optical  devices 
that  are  useful  in  downsizing  and  in  improving  the 
functions  of  an  optical  communication  system,  an 
optical  sensor,  and  the  like.  As  a  result,  an  optical 
waveguide  device  which  can  be  sufficiently  manu- 

25  factured  on  a  mass  production  basis  without  requir- 
ing  high  precision  can  be  provided. 

From  the  invention  thus  described,  it  will  be 
obvious  that  the  invention  may  be  varied  in  many 
ways.  Such  variations  are  not  to  be  regarded  as  a 

30  departure  from  the  spirit  and  scope  of  the  inven- 
tion,  and  all  such  modifications  as  would  be  ob- 
vious  to  one  skilled  in  the  art  are  intended  to  be 
included  within  the  scope  of  the  following  claims. 

35  Claims 

1.  An  optical  waveguide  device  comprising: 
a  waveguide  substrate;  and 
an  optical  waveguide  disposed  on  said 

40  waveguide  substrate  and  constituted  by  a  core 
for  propagating  light  therein  and  a  cladding 
layer  covering  said  core,  said  optical 
waveguide  having: 

an  optical  waveguide  region  having  at  least 
45  two  input/output  terminals,  said  optical 

waveguide  region  adapted  to  be  a  light  trans- 
mission  path; 

an  insertion  region  having  at  least  one 
input/output  terminal  and  an  mode  field  width 

50  of  light  propagating  therein  larger  than  that  of 
light  propagating  at  a  predetermined  portion  of 
said  optical  waveguide  region,  said  insertion 
region  possibly  adapted  to  be  inserted  an  op- 
tical  functional  component  for  realizing  a  pre- 

ss  determined  function;  and 
a  first  optical  connection  region  having  a 

first  input/output  terminal  directly  connected  to 
one  input/output  terminal  of  said  optical 
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waveguide  region  and  a  second  input/output 
terminal  directly  connected  to  said  input/output 
terminal  of  said  insertion  region,  said  first  op- 
tical  connection  region  adapted  to  be  a  region 
for  changing  an  mode  field  width  of  light  prop-  5 
agating  therein. 

A  device  according  to  claim  1,  wherein  said 
first  input/output  terminal  of  said  first  optical 
connection  region  has  the  same  core  size  as  10 
that  of  said  one  input/output  terminal  of  said 
optical  waveguide  region,  and 

said  second  input/output  terminal  of  said 
first  optical  connection  region  has  the  same 
core  size  as  that  of  the  input/output  terminal  of  is 
said  insertion  region,  the  core  size  of  said 
second  input/output  terminal  being  larger  than 
that  of  said  first  input/output  terminal. 

A  device  according  to  claim  2,  wherein  said  20 
first  optical  connection  region  has  a  core  of  a 
sectional  shape  which  is  tapered,  in  a  horizon- 
tal  direction  with  respect  to  a  main  surface  of 
said  waveguide  substrate,  toward  a  direction 
from  said  second  to  first  input/output  terminal  25 
thereof  at  a  predetermined  taper  angle  with 
respect  to  an  optical  axis  of  said  core. 

A  device  according  to  claim  1,  wherein  said 
first  input/output  terminal  of  said  first  optical  30 
connection  region  has  the  same  core  size  as 
that  of  said  one  input/output  terminal  of  said 
optical  waveguide  region,  and 

said  second  input/output  terminal  of  said 
first  optical  connection  region  has  the  same  35 
core  size  as  that  of  said  input/output  terminal 
of  said  insertion  region,  the  core  size  of  said 
second  input/output  terminal  being  smaller 
than  that  of  said  first  input/output  terminal  and 
smaller  than  a  core  size  that  minimizes  an  40 
mode  field  width  of  light  propagating  in  said 
first  optical  connection  region. 

A  device  according  to  claim  4,  wherein  said 
first  optical  connection  region  has  a  core  of  a  45 
sectional  shape  which  is  tapered,  in  a  horizon- 
tal  direction  with  respect  to  a  main  surface  of 
said  waveguide  substrate,  toward  a  direction 
from  said  first  to  second  input/output  terminal 
thereof  at  a  predetermined  taper  angle  with  so 
respect  to  an  optical  axis  of  said  core. 

A  device  according  to  claim  1,  wherein  a  re- 
fractive  index  difference  between  a  core  and  a 
cladding  layer  in  a  region  including  said  inser-  55 
tion  region  and  said  first  optical  connection 
region  is  smaller  than  a  refractive  index  dif- 
ference  between  a  core  and  a  cladding  layer  at 

a  predetermined  portion  of  said  optical 
waveguide  region. 

7.  A  device  according  to  claim  6,  wherein  a  re- 
fractive  index  difference  between  a  core  and  a 
cladding  layer  in  said  first  optical  connection 
region  changes  smaller  consecutively  toward  a 
direction  from  said  first  to  second  input/output 
terminal  thereof. 

8.  A  device  according  to  claim  1  ,  further  compris- 
ing 

a  second  optical  connection  region  having 
a  first  input/output  terminal  directly  connected 
to  an  input/output  terminal  of  one  insertion 
region  and  a  second  input/output  terminal  di- 
rectly  connected  to  an  input/output  terminal  of 
the  other  insertion  region,  an  mode  field  width 
of  light  propagating  in  said  second  optical  con- 
nection  region  being  equal  to  that  of  light  prop- 
agating  in  said  insertion  regions  to  which  said 
second  optical  connection  region  is  connected. 

9.  A  device  according  to  claim  8,  wherein  said 
first  and  second  input/output  terminals  of  said 
second  optical  connection  region  have  core 
sizes  equal  to  core  sizes  of  said  input/output 
terminals  of  said  insertion  regions  to  which 
said  second  optical  connection  region  is  con- 
nected,  the  core  sizes  of  said  insertion  regions 
to  which  said  second  optical  connection  region 
is  connected  being  larger  than  a  core  size  at  a 
predetermined  portion  of  said  optical 
waveguide  region. 

10.  A  device  according  to  claim  9,  wherein  said 
insertion  region  to  which  said  second  optical 
connection  region  is  connected  has  at  least 
one  input/output  terminal  connected  to  said 
second  input/output  terminal  of  said  first  op- 
tical  connection  region,  said  first  optical  con- 
nection  region  having  a  core  of  a  sectional 
shape  which  is  tapered,  in  a  horizontal  direc- 
tion  with  respect  to  a  main  surface  of  said 
waveguide  substrate,  toward  a  direction  from 
said  second  to  first  input/output  terminal  there- 
of  at  a  predetermined  taper  angle  with  respect 
to  an  optical  axis  of  said  core. 

11.  A  device  according  to  claim  8,  wherein  said 
first  and  second  input/output  terminals  of  said 
second  optical  connection  region  have  core 
sizes  equal  to  core  sizes  of  said  input/output 
terminals  of  said  insertion  regions  to  which 
said  second  optical  connection  region  is  con- 
nected,  the  core  sizes  of  said  insertion  regions 
to  which  said  second  optical  connection  region 
is  connected  being  smaller  than  a  core  size  at 
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a  predetermined  portion  of  said  optical 
waveguide  region,  and  smaller  than  a  core  size 
that  minimizes  an  mode  field  width  of  light 
propagating  in  said  insertion  regions  to  which 
said  second  optical  connection  region  is  con- 
nected. 

12.  A  device  according  to  claim  11,  wherein  said 
insertion  region  to  which  said  second  optical 
connection  region  is  connected  has  at  Least 
one  input/output  terminal  connected  to  said 
second  input/output  terminal  of  said  first  op- 
tical  connection  region,  said  first  optical  con- 
nection  region  having  a  core  of  a  sectional 
shape  which  is  tapered,  in  a  horizontal  direc- 
tion  with  respect  to  a  main  surface  of  said 
waveguide  substrate,  toward  a  direction  from 
said  first  to  second  input/output  terminal  there- 
of  at  a  predetermined  taper  angle  with  respect 
to  an  optical  axis  of  said  core. 

13.  A  device  according  to  claim  8,  wherein  a  re- 
fractive  index  difference  between  a  core  and  a 
cladding  layer  in  said  second  optical  connec- 
tion  region  is  equal  to  a  refractive  index  dif- 
ference  between  a  core  and  a  cladding  layer  in 
said  insertion  region  to  which  said  second  op- 
tical  connection  region  is  connected,  and 
smaller  than  a  refractive  index  difference  be- 
tween  a  core  and  a  cladding  layer  at  a  pre- 
determined  portion  of  said  optical  waveguide 
region. 

14.  A  device  according  to  claim  13,  wherein  said 
insertion  region  to  which  said  second  optical 
connection  region  is  connected  has  at  least 
one  input/output  terminal  connected  to  said 
second  input/output  terminal  of  said  first  op- 
tical  connection  region,  a  refractive  index  dif- 
ference  between  a  core  and  a  cladding  layer  in 
said  first  optical  connection  region  changes 
smaller  consecutively  toward  a  direction  from 
said  first  to  second  input/output  terminal  there- 
of. 

15.  An  optical  waveguide  device  comprising: 
a  waveguide  substrate;  and 
an  optical  waveguide  disposed  on  said 

waveguide  substrate  and  constituted  by  a  core 
for  propagating  light  therein  and  a  cladding 
layer  covering  said  core,  said  optical 
waveguide  having: 

an  optical  waveguide  region  having  at  least 
two  input/output  terminals,  said  optical 
waveguide  region  adapted  to  be  a  light  trans- 
mission  path; 

an  insertion  region  having  at  least  one 
input/output  terminal,  a  core  size  of  which  is 

larger  than  a  core  size  at  a  predetermined 
portion  of  said  optical  waveguide  region,  said 
insertion  region  possibly  adapted  to  be  in- 
serted  an  optical  functional  component  for  re- 

5  alizing  a  predetermined  function;  and 
a  first  optical  connection  region  having  a 

first  input/output  terminal  directly  connected  to 
one  input/output  terminal  of  said  optical 
waveguide  region  and  a  second  input/output 

io  terminal  directly  connected  to  said  input/output 
terminal  of  said  insertion  region,  said  first  in- 
put/output  terminal  having  a  core  size  which  is 
equal  to  a  core  size  of  said  input/output  termi- 
nals  of  said  optical  waveguide  region,  and  said 

is  second  input/output  terminal  having  a  core  size 
which  is  equal  to  a  core  size  of  said  in- 
put/output  terminal  of  said  insertion  region. 

16.  A  device  according  to  claim  15,  wherein  said 
20  first  optical  connection  region  has  a  core  of  a 

sectional  shape  which  is  tapered,  in  a  horizon- 
tal  direction  with  respect  to  a  main  surface  of 
said  waveguide  substrate,  toward  a  direction 
from  said  second  to  first  input/output  terminal 

25  thereof  at  a  predetermined  taper  angle  with 
respect  to  an  optical  axis  of  said  core. 

17.  A  device  according  to  claim  15,  further  com- 
prising  a  second  optical  connection  region  hav- 

30  ing  a  first  input/output  terminal  directly  con- 
nected  to  an  input/output  terminal  of  one  inser- 
tion  region  and  a  second  input/output  terminal 
directly  connected  to  an  input/output  terminal 
of  the  other  insertion  region,  said  first  and 

35  second  input/output  terminals  of  said  second 
optical  connection  region  having  core  sizes 
equal  to  core  sizes  of  said  input/output  termi- 
nals  of  said  insertion  regions  to  which  said 
second  optical  connection  region  is  connected. 

40 
18.  An  optical  waveguide  device  comprising: 

a  waveguide  substrate;  and 
an  optical  waveguide  disposed  on  said 

waveguide  substrate  and  constituted  by  a  core 
45  for  propagating  light  therein  and  a  cladding 

layer  covering  said  core,  said  optical 
waveguide  having: 

an  optical  waveguide  region  having  at  least 
two  input/output  terminals  and  a  desired  core 

50  size  at  a  predetermined  portion,  said  optical 
waveguide  region  adapted  to  be  a  light  trans- 
mission  path; 

an  insertion  region  having  at  least  one 
input/output  terminal,  a  core  size  of  which  is 

55  smaller  than  a  core  size  of  said  optical 
waveguide  region,  said  insertion  region  possi- 
bly  adapted  to  be  inserted  an  optical  functional 
component  for  realizing  a  predetermined  func- 
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tion;  and 
a  first  optical  connection  region  having  a 

first  input/output  terminal  directly  connected  to 
one  input/output  terminal  of  said  optical 
waveguide  region  and  the  same  core  size  as  5 
that  of  said  input/output  terminal  of  said  optical 
waveguide  region,  and  a  second  input/output 
terminal  directly  connected  to  said  input/output 
terminal  of  said  insertion  region  and  the  same 
core  size  as  that  of  said  input/output  terminal  10 
of  said  insertion  region,  the  core  size  of  said 
second  input/output  terminal  being  smaller 
than  the  core  size  of  said  first  input/output 
terminal  and  smaller  than  a  core  size  that 
minimizes  an  mode  field  width  of  light  propa-  is 
gating  in  said  first  connection  region. 

19.  A  device  according  to  claim  18,  wherein  said 
first  optical  connection  region  has  a  core  of  a 
sectional  shape  which  is  tapered,  in  a  horizon-  20 
tal  direction  with  respect  to  a  main  surface  of 
said  waveguide  substrate,  toward  a  direction 
from  said  first  to  second  input/output  terminal 
thereof  at  a  predetermined  taper  angle  with 
respect  to  an  optical  axis  of  said  core.  25 

20.  A  device  according  to  claim  18,  further  com- 
prising  a  second  optical  connection  region  hav- 
ing  a  first  input/output  terminal  directly  con- 
nected  to  an  input/output  terminal  of  one  inser-  30 
tion  region  and  a  second  input/output  terminal 
directly  connected  to  an  input/output  terminal 
of  the  other  insertion  region,  said  first  and 
second  input/output  terminals  of  said  second 
optical  connection  region  having  core  sizes  35 
equal  to  core  sizes  of  said  input/output  termi- 
nals  of  said  insertion  regions  to  which  said 
second  optical  connection  region  is  connected. 

21.  An  optical  waveguide  device  comprising:  40 
a  waveguide  substrate;  and 
an  optical  waveguide  disposed  on  said 

waveguide  substrate  and  constituted  by  a  core 
for  propagating  light  therein  and  a  cladding 
layer  covering  said  core,  said  optical  45 
waveguide  having: 

an  optical  waveguide  region  having  at  least 
two  input/output  terminals,  said  optical 
waveguide  region  adapted  to  be  a  light  trans- 
mission  path;  50 

an  insertion  region  having  at  least  one 
input/output  terminal,  a  refractive  index  differ- 
ence  between  a  core  and  a  cladding  layer  in 
said  insertion  region  being  smaller  than  a  re- 
fractive  index  difference  between  a  core  and  a  55 
cladding  layer  at  a  predetermined  portion  of 
said  optical  waveguide  region,  said  insertion 
region  possibly  adapted  to  be  inserted  an  op- 

tical  functional  component  for  realizing  a  pre- 
determined  function;  and 

a  first  optical  connection  region  having  a 
first  input/output  terminal  directly  connected  to 
one  input/output  terminal  of  said  optical 
waveguide  region  and  a  second  input/output 
terminal  directly  connected  to  said  input/output 
terminal  of  said  insertion  region,  a  refractive 
index  difference  between  a  core  and  a  clad- 
ding  layer  in  said  first  optical  connection  re- 
gion  changing  smaller  consecutively  toward  a 
direction  from  said  first  to  second  input/output 
terminal  thereof. 

12 



EP  0  634  677  A1 

F i g .   /  

13 



EP  0  634  677  A1 

F i g .   2  

CD 

CO 
CO 
3  

>  
CO 
CD Ui 
o  
X 
LU 

F i g   .  3  

E 

LU 
M 
CO 
I— 
o  
CO 

-  MODE  FIELD  WIDTH  8 ^ m  
■MODE  FIELD  WIDTH  ! 8 ^ m  

I  2  3  

DEVIATION  OF  OPTICAL  AXIS  ( j jm)  

0  4  7  10  2 0  

CORE  WIDTH  I j im)  

14 



EP  0  634  677  A1 

F i g .   4  

0.0  O.I  0.2  0.3  0.4  0.5  0 . 6  

REFRACTIVE  INDEX  DIFFERENCE 
BETWEEN  CORE  AND  CLADDING  LAYER  (%) 

F i g .   5  

15 



EP  0  634  677  A1 

16 



EP  0  634  677  A1 



EP  0  634  677  A1 

F i g .   i O  

20 ,  

0  0.4  0.8  1  .2  1.  6  2 . 0  

REFLECTION  - S I D E  
EXCESSIVE  LOSS  (dB) 

F i g .   /   /  

2 0 ,  

l±J 

REFLECTION  - S I D E  
EXCESSIVE  LOSS  (dB) 

18 



EP  0  634  677  A1 

19 



EP  0  634  677  A1 

F i g .   1 4  

20 



EP  0  634  677  A1 

F i g .   1 6  

□  250>im 

2 5 0 ^ 0 1  

21 



EP  0  634  677  A1 

20, 

F i g ,   1 7  

0  0.4  0.B  L2  1.6  2.0 
REFLECTION  -S IDE 
EXCESSIVE  LOSS  (d8)  

20  1  —   , 

F i g .   1 8  

O  0.4  0.8  1.2  1.6  2.0 
REFLECTION  - S I D E  
EXCESSIVE  LOSS  (dB)  

2°r   — i  

>■  15 

F i g   1 9  

REFLECTION  - S I D E  
EXCESSIVE  LOSS  (dB) 

!2 



Application  [Number 
IP  94  10  5510 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim APPLICATION  (Int.CI.6) 

EP-A-0  519  475  (CANON) 

*  column  4,  line  27  -  column  5,  line  41  * 
*  figures  2,3  * 

EP-A-0  530  915  (PHILIPS) 

*  column  4,  line  25  -  column  5,  line  1  * 
*  figure  4  * 

EP-A-0  509  236  (CANON) 

*  column  4,  line  30  -  line  58  * 
*  figures  3,4  * 

JOURNAL  OF  VACUUM  SCIENCE  AND  TECHNOLOGY: 
PART  B, 
V01.B9,  no.  6,  December  1991,  NEW  YORK  US 
pages  3459  -  3463 

ZENGERLE  ET  AL.  'Fabrication  of  op t i ca l  
aeamwidth  transformers  for  guided  waves  on 
InP  using  wedge-shaped  taper  s t r u c t u r e s '  
*  the  whole  document  * 

3B-A-2  213  954  (BRITISH 
TELECOMMUNICATIONS) 
*  page  7,  line  20  -  line  26  * 
*  page  13,  line  1  -  line  8  * 
*  figures  1,9  * 

EP-A-0  411  607  (SUMITOMO) 

*  claims  1-4  * 
*  figure  4  * 

The  present  search  report  has  been  drawn  up  for  all  claims 

1,15,18, 
n  

1,15,18, 
n  

1,15,18, 
n  

1,15,18, 

1,15,18,  
21 

1,15,18,  
21 

G02B6/28 
G02B6/12 
G02B6/26 

if.̂ iimi.Ai.  i  ir.i  ur) SEARCHED  (Int.CI.6) 

Place  of  search 
THE  HAGUE 

Dale  of  completion  of  Me  search 
14  October  1994 

examiner 
Luck,  W 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure 
P  :  intermediate  document 

1  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date D  :  document  cited  in  the  application E  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

